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One of the essential issues, related to the increasing intensification of 
agriculture, is the noxious effect on human health exerted by the chemical 
preparations made use of. I t has become an urgent problem worldwide (2, 5, 
15). Of particular interest is the combined effect of noxae, and their late se-
quelae in the organism (18, 25). For the time being, researches along this line 
are rather scarce, and concern main ly some internal organs of test animals 
(4, 30) . 
Proceeding irom the fact that the reproductive system is part icular ly 
sensitive to a variety of harmful agents (3, 9, 14, 20), and also that its damage 
has an essential bearing on normogenesis and inheritance, we set out to study 
the changes in the gonads of male white rats, developing under the effect of 
low-frequency vibrations against the background of previous ramrod intoxi-
cation (6) . I t appears that the combination of such noxious agents augments 
the hazard of their untoward effect. I n the testes the occurrence of circulatory 
disorders, destructive-dystrophic changes, inhibit ion of cell division and at-
rophy of spermatopoietic epithelium is observed (6). I n this work the evolution 
of changes and the regenerative capacity of gonads are followed up. 
[Material and methods 
S i x t y male white rats, Wis tar breed, wi th in i t i a l weight 150:±:10 g were 
used in the experiment. The animals were equally distributed in the following 
groups: group I — ten control animals; groups I I — ten animals subjected to 
low frequency vibrations, at frequency 15 Hz and amplitude 1.6 mm, for 3 hrs 
dai ly over a period of 30 days; source of vibrations — ground technique for 
pesticide application used in the routine practice; group I I I — a) ten animals 
intoxicated over a period of 4 months w i t h 1/20 L D 5 0 ramrod, and b) ten ani-
mals intoxicated over a period of 4 months wi th 1/100 L D 5 0 , and group I V — 
a) ten animals intoxicated for 3 months wi th 1/20 L D 5 0 , and wi th in a month 
thereafter, subjected to simultaneous vibrat ion treatment and intoxication 
wi th identical dose; b) ten"animals intoxicated for 3 months 1/100 L D 5 0 , and 
w i th in a month subjected to simultaneous vibrat ion exposure and intoxication 
wi th the same dose. The length of the treatment terms and the doses picked 
out were complied wi th the chronic experimentation requirements in toxico-
logy. As L D 5 ( , were accepted 1200 mg/kg, according to data furnished by the 
firm — producer (25a). The animals were poisoned per os, v ia sound, using 
water solution of 65 per cent moistened ramrod powder. They were raised 
under v iva r ium conditions at standard alimentary regime. Vibrator stand 
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V U S 500/200, made in U S S R , was employed as a source of vibrations. The 
animals were ki l led w i th in th i r ty days of treatment cessation. The testes were 
fixed in Bo iun ' f luid and prepared after the paraffin method. The listed be­
low histological arid histochemical methods were made use of: staining wi th 
hemalaun eosin, wi th azan after Kru tsay , Gomori, van Gieson, Feulgen for 
D N A , after Brachet for R N A under ribonuclease control, and P A S reaction 
under alpha — amylase control. 
Results 
The histological study shows that wi th in a month of discontinuing vib­
ration treatment, the changes in testicular structure are most variegated and 
Fig . 1: Atrophic seminal tubules around a fibrotic vessel, filled with vacuolized 
Sertoli 's cells, reticular and collagen fibers in a rat wi thin a month of discontinuing 
vibration treatment. Stain. H E ; magnif. x 80. 
display an ununiform character, imparting a "mosaicism" pattern to the a l " 
terations. Microcirculat ion disorders recorded just after cessation of the vib­
rations (edema, plasmorrhexis) subside, but the wal ls of the blood vessels are 
fibrotic and thickened ( F i g . 1). A great number of seminal tubules, situated 
subcapsulary and perivasal ly, are atrophic and contain very few spermatogo­
nia and vague spermatopoietic cellular forms. Some of the tubules are fi l led 
only wi th Sertol i 's cells wi th heavi ly vacuolized cytoplasm. I n other animals , 
s imi la r ly to those k i l l ed just after the cessation of vibrations, incompleteness 
of spermatopoietic epithelium is noted. However, the dystrophically altered 
spermatogenic cells are much less numerous, and no debris is found in the 
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umen of tubules. I n some tubules, situated in the central zones, signs of in-
ense spermatogenesis, accompanied by a rise of the ribonucleoproteins' con-
ent in epithelial cells is observed. The basement membranes are thickened, 
ith a s l ight ly positive P A S reaction. The reticular and collagen fibers which 
nder them denser, penetrate inside the tubules. A n increase in fibrous and 
ellular connective tissue elements is established in the interst i t ium. 
Fig . 2: Dilated, deformed seminal tubules filled with detritus material, dystrophic 
multinucleate epithelial cells wi th in a month of discontinuing 4-month long into-
xication wi th 1/20 L D 5 0 ramrod. Stain. H E ; magnif. x 80. 
I n the animals k i l l ed w i th in a month of discontinuing ramrod intoxica-
tion, the structural changes are s imi la r ly characterized by "mosaicism". Here 
the degenerative and necrotic changes show a clearcut intensification. Some of 
the seminal tubules are f i l led wi th granular, eosinophilic, P A S + nonglyco-
genic substance and desquamated epithelial cells wi th pyknotic nuclei and 
scarce cytoplasm (F ig . 2 ) . I t is a matter of dilated tubules wi th irregular shape. 
Once again, l ike in the immediate post-intoxication period, mult inuclear epi-
thelial cells are observed. A t many points the germinative epithelium is detached 
from the basement membrane. I n some of the tubules an intense spermatoge-
nesis is recorded, by no means detectable immediately after the cessation of 
poisoning. The vascular wal ls are thickened by fibrous tissue. A t this part i -
cular term, the edema changes are mi ld ly pronounced. Among the animals in-
toxicated wi th 1/100 L D 5 0 ramrod spermatogenesis disorders are rather mo-
derate. 
One month after discontinuing combined treatment wi th either of the 
factors, a v i r tua l ly full subsidence of acute circulatory derangements is observ-
f i g , 4 : Spe r m a to g r an U ,o m a -nTrat Л 
magnif, x go. '"toxicat.on. Stain. H E ; 
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ed. I n this case too the blood vessels are fibrously thickened, whi ls t in the 
interst i t ium focal infiltrates of connective tissue cells are noted. The acute 
dystrophic and necrobiotic changes, recorded just after the cessation of com­
bined treatment, are no longer present, butin most of the tubules, part icular ly 
those situated subcapsulary, the spermatopoietic epithelium is completely 
destroyed. W i t h i n the lumen of some tubules vacuolized Sertol i 's cells are 
seen, and somewhere multinuclear cellular forms wi th a low content of ribo-
nucleoproteins as we l l . Tubules are encountered displaying irregular form 
and thickened, finely undulated basement membrane, covered only by a sin­
gle row of hyperchromatic epithelial cells and cells fi l led wi th fibrous tissue 
where cacl ium salts are deposited. Along wi th atrophic changes, an intensive 
spermatogenesis is recorded in some tubules, associated wi th increased pyro-
ninophil ia wi th in the spermatogonia. I n one animal spermatogranuloma, made 
up of macrophages, epitheloid cells and lymphocytes enwrapped by connective 
tissue fibers, is observed ( F i g . 4 ) . 
Discvssion 
The study shows that regardless of discontinuing the isolated and com­
bined effect of vibrations and ramrod herbicide, the testicular structure of the 
animals experimented upon remains up to a great extent changed. I t is a mat­
ter of morphological changes dependent in a varying degree on the specific 
factor of treatment. Whi le wi th in a month of stopping vibrat ion s t imul i , prac­
t ica l ly a l l dystrophic changes in the spermatopoietic epithelium disappear, 
in ramrod intoxicated animals degenerative and necrotic processes in the se­
xual tissue persist. Th i s may be explained by eventual differences in the patho­
genetic mechanism of the damaging effect of both factors. Most l i k e l y , upon 
treatment wi th vibrations, a primary role is played by hypoxia resulting from 
derangements in microcirculation. Such a vibrat ion effect has been comprehensi­
vely described for limbs and parenchymatous organs ( 1 , 13, 19, 26), as wel l as for 
the testes (6). Along wi th that, by no means less important role is played by 
the direct aftereffect of mechanical fluctuations on the germinative epithelium 
(9, 12, 29). I n ramrod intoxication an important point, apart from the direct 
effect on sexual tissues, s imilar to that of other pesticides (3, 14, 16, 24, 27), 
is the general toxic action leading in turn to secondary spermatogenesis in­
hibi t ion. The preparation whose basic toxic mechanism consists in the deran­
gement of polypeptide synthesis in the cells (21), disturbs also the protein 
metabolism in gonads — a fact corroborated by total protein reduction and 
changes in amino acid content in the testes of the same animals (7, 8) . 
Moreover, a clearcut difference is detectable in the degree and forms of 
regeneration, dependent on the character of the noxious agent. I n rats ki l led 
after stopping the vibration s t imul i , along wi th the tubules wherein dyscom-
plexation and nondifferentiation of cellular forms is observed, also cells wi th 
active spermatogenesis are established. I n ramrod poisoned animals, and in 
those subjected to combined treatment, both normal and pathological sper­
matogenesis wi th formation of multinuclear giant cells is noted. Th i s is an 
indication that as the result of systemic and local lesion, disturbances in me­
tabolic processes, and first and foremost in protein synthesis (7, 8 ) , a stormy 
process of regeneration takes place w i th in the seminal tubules, par t ia l ly ma­
nifested wi th }цэ jojuiation of pathological cellular forms also. 
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The third difference is represented by the degree of sex tissue atrophy. 
One month after cessation of the vibratory action, atrophy of some seminal 
tubules, containing few, poorly differentiated cellular forms is observed in 
the testes of animals, whereas among those intoxicated, owing to persisting 
of the dystrophic and necrobiotic processes, the stationary stage of sex tissue 
atrophy is not yet reached. However, in animals subjected to combined treat­
ment, pract ical ly complete destruction of spermatopoietic epithelium is seen 
in part of the tubules. This points to the fact that as the result of the combi­
ned effect of both noxae, the lesion of gonads in the animals has reached such 
a degree that discontinuation of their action is not in a position to account for 
normal spermatogenesis restoration. I t points to the fact also that the combi­
ned effect of both factors inhibits the division of spermatopoietic epithelium 
in its earlier phases, and therefore its recovery in isolated tubules proves to be 
impossible. The persistence of changes in sexual tissues, despite stopping the 
combined action of the damaging factors, should be interpreted as an expres­
sion of a profound derangement of metabolic processes. Also, it is noteworthy 
that under the effect of vibrations the cells become more sensitive to other 
noxae (10) wi th ensuing increase in the toxic effect of ramrod. Although the 
preparation is estimated as a moderately dangerous herbicide (5), our data 
demonstrate that it interferes wi th the processes of biosynthesis in the gonads. 
The lacking complete restoration of testicular structure is also due to 
vascular lesions. The "mosaicism" of the changes observed is in favour of the 
latter assumption. The most i l lustrat ive is the atrophy, and the weakest is 
the recovery in the v ic in i ty of the major subcapsular arteries which prove to 
be the most heavi ly involved ones. 
F i n a l l y , attention should be called to the granulomatous reaction estab­
lished in an animal testis. Probably, the formation of granuloma results from 
the st imulat ing action of toxic products penetrating from the injured epithelial 
cells across the damaged basement membranes. They play the role of antigens 
leading to the granulomatous reaction observed, a finding described by other 
authors too (17, 22). I t is well known that the basement membrane of tubu­
les, which is essential for the hemato-testicular barrier (11 ,23 ,28) , undergoes 
lesion both during isolated, and during combined effect of the factors ap­
plied (6) . 
Conclusions 
1. After cessation of isolated and combined treatment wi th the noxious 
factors, over a period.of 30 days, the-testicular structure of the test animals 
remains to a high degree pathologically altered. 
2. The forms and the degree of regeneration depend on the character of 
the harmful effect. 
3. As the result of combined application of the two noxae, the damage of 
gonads has reached such a level that cessation of their action fails to bring 
about a normalization of spermatogenesis. 
R E F E R E N C E S 
1. A H д p е е в а-Г а л а н и н а, Е. Ц. , М. А. Д о л г о в а , Т. Г. Я к у ­
б о в и ч . Гиг. труда и проф. заб., 1971, 15/12, 22—25. — 2. Б е л о н о ж к о, Г. А., 
К. К. В р о ч и н с к и й . Гиг. труда и проф. заб., 20, 1976, 3, 56—57. — 3. 3 л а -
Late changes in the gonads of male. 9! 
т е в a, M . , E . M а л е в а. Експ. мед. и морф., 15/3, 1977, 127—131. — 4. З л а т е в а , М., 
Е. С о ф т о в а. Гиг. труда и проф. зав. 21/1, 1977, 43—46. — 5. К а л о я ­
н о в а , Ф. Хигиенно-токсикологични проблеми при приложението на пестицидите 
(докт, д и с , София), 1974. — 6. М а л е в а, Е. • Резюмета от Юбилейна научна с-я, 
М. Ф., Варна, 8—9. X . 1976, 4 — 7. М а л е в а, Е., М. Щ е р е в а. I I национална 
научна с-я на химиците с медицински профил, Варна, 1977, част I I , 306—314. — 8. М а -
л е в а, Е. V национална конференция на младите специалисти от ХЕС, Варна, 1977 
<рез.), 61 . — 9. Р а п п о п о р т, М. Б . , Г. А. П а с т е р н а к . Гиг. труда и проф. 
зав., 12/6, 1968, 55—57. — 10. Р о м а н о в , С. Н. Биофизика, 12/1, 1967, 120—123. — 
11. С о к о л о в с к а я, И. И. I I I междунар. симпозиум по имунологии размноже­
ния, Тезисы, 21—25. I X . 1975, Варна, 5. — 12. Т а р а с о в а , А. В. , С. М. С е к а ч . 
Гиг. труда и проф. зав., 17/1, 1971, 11 —18. — 13. Ш а м а р д и н , Б . М. Гиг. труда 
и проф. зав., 19/9, 1975, 8—10. — 14. D a t t а, К. К. Exp. Path. (Jena), 8/5, 1973, 6, 
363—370. — 15. D a v i е s, J . Е. , J . С. С a s s a d у, A . R a f f o n e l l i . Inter-
cont. Med. Book corp., vol . 2, 1973, 223—232. — 16. D i k s h i t h, T . S. S . , К. K . 
D a t t a. Exp. Path. (Jana), 7/5, 1972, 309—316. — 17. F 1 i с k е r, E . R . , A . T . 
• K a ns . J. Urol. (Baltimore), 113/2, 1975, 195—198. — 18. G h 1 k e, R . , R . G r i -
g o r o v a . Int. Arch. Arbeitsmed., 31/4, 1973, 309—327. — 19. H у v a r i n е n, J . , 
I . P у k k o, S. S u n d b е r g. Lancet, I , 1973, 791—794. — 20. I m a n, Z . , V . C h a n -
d r a s. Toxicol, appl. Pharm., 32/3, 1975, 534—544. — 21. K e a r n e y , P . C , D. D. 
K a u f m a n . Degradation of herbicides, Marcel Dekker, inc. New York , 1969. — 22. К i s-
b е n е d е k, Z . , A . N е n о t h. Int. Urol. Nephrol., 7/2, 1975, 141 — 148. — 23. К о r-
a n о, M. Histochemie, 9/2, 1976 b, 327—338. — 24. К г a u s e, W . , К. H a m m, J . 
е i s s m u 1 1 е r. Bull, envir. contamin. toxicol., 14/2, 1975, 161 —179. — 25. L i -
a n g, Т., Е. L i c h t e n s t e i n . Science,186, 1974, 1128—ИЗО. — 25. M o n s a n t o 
Jndust. Biol. Lab., INC, Toxicol , data on Ramrod, Europe, S. A . , Brussels, Belgium, 
Book I , 1966, 1—48. — 26. P у у k k о, I . Wr. envir., 11/2, 1974, 118 — 131. — 27. R a-
s u l , A . R., J . H o w e l l . Toxicol, appl. Pharui., 30/1, 1974, 63—78. — 28. S u v a n t o , O., 
M. К o r m a no. Wirchows Arch., Abt. B , 4, 1970, 217—224. — 29. W i k е, E . Z , . 
S. S. W i k e, J . E . W a g n e r . Psychonomic sci., 29/1, 1972, — 3 1 . — 30. Z 1 a t e-
v a, M . , E . S о f t о v a. Folia biol. (Krakow), 24/1, 1976, 14—152. 
П О З Д Н И Е И З М Е Н Е Н И Я В Г О Н А Д А Х Б Е Л Ы Х К Р Ы С 
М У Ж С К О Г О П О Л А П Р И К О М Б И Н И Р О В А Н Н О М В О З Д Е Й С Т В И И 
Н И З К О Ч А С Т О Т Н Ы Х В И Б Р А Ц И Й И И Н Т О К С И К А Ц И И Р А М Р О Д О М 
М. Златева Е. Малева 
Р Е З Ю М Е 
Исходя из новых проблем гигиены труда в а грарном производстве, 
авторы исследовали поздние изменения в структуре тестисов опытных жи­
вотных , подвергнутых комбинированному хроническому воздействию низ­
кочастотными вибрациями и гербицидом Рамрод . 
О б н а р у ж е н о , что через 30 дней после прекращения самостоятельного и 
комбинированного в л и я н и я обоих факторов , гонады остаются до большой 
•степени патологически измененными. Формы регенерации и ее степень за­
в и с я т от характера вредного воздействия .При сочетанном применении обоих 
вредностей, в тестисах наступают прочные атрофические изменения , показы­
в а ю щ и е , что поражение сперматопоетического эпителия охватило его ран­
ние фазы деления . 
